The etiology for Kawasaki disease (KD) remains unknown, but several studies have suggested the involvement of immune dysregulation and genetic factors. The purpose of this study is to compare gene expressions before and after an infusion of intravenous immunoglobulin (IVIG) in KD patients. Methods: Blood was obtained from both acute and sub-acute phases of 4 patients with KD and febrile control children. Blood was collected in PAXgene blood RNA tubes and RNA was extracted using a PAXgene blood RNA isolation kit. Labeled RNAs were analyzed using Roche NimbleGen human whole genome 12-plex array. Results: KD patients prior to IVIG injection showed more than a two-fold increase in the expression of 88 genes and more than a two-fold decrease in the expression of 98 genes compared to the control group. They also showed more than two-fold increase in the expression of 226 genes and more than a two-fold decrease in 117 genes in KD patients after IVIG treatment compared to the patients before IVIG injection. Through microarray evaluation, the expressions of genes involved in proliferation, translation, inflammatory response, immune response, cell adhesion, cell migration, cell differentiation, apoptosis, cell growth, transport, cell cycle, transcription, signal transduction and metastasis were observed. 
Introduction
Kawasaki disease (KD) is an acute febrile disorder characterized by systemic vasculitis of infants and children, manifested as prolonged fever and signs of mucocutaneous inflammation which are polymorphous skin rashes, injected conjunctiva, erythematous edema in the palms and soles [1, 2] . Coronary artery lesions are the most important complication of KD [3, 4] . As the current first-line therapy, IVIG, at a dose of 2 g/kg in combination with aspirin, has been shown to reduce the risk of coronary artery complications [5] [6] [7] . Even though treatment with IVIG reduces the development of aneurysm or dilatation, these are critical complication to be solved [3, 8] .
The etiology for KD remains unknown, however, infection, immune response, or genetic susceptibility is considered in the development of KD. The acute phase of KD demonstrates elevated serum levels of proinflammatory cytokines such as tumor necrosis factor (TNF)-α, interleukins (ILs) and endothelial growth factor [6, 9] . The degree of elevation of these cytokines may be correlated with coronary aneurysms and subsequent stricture formation. Elevated levels of IL-1 have been reported in acute patients and have been correlated to vascular endothelial cell damage [6, 10] . Also, single-nucleotide polymorphisms of inflammatory genes such as C-reactive protein (CRP) and TNF-α are associated with predisposition to KD disease and increased carotid arterial stiffness and intima-media thickness in the long-term [11] . Several studies have suggested the involvement of a genetic factor [12, 13] . Matrix metalloproteinases (MMP) is related to focal destruction of the internal elastic lamina of coronary artery and influence recruitment of inflammatory cells. Therefore, MMPs play important roles in both inflammation and tissue remodeling [12, 14] . The advantage of DNA microarray analysis is that it can evaluate changes in relative expression of thousands of genes simultaneously [15] [16] [17] . The purpose of this study was to investigate the changes of gene expressions by microarray analysis in KD patients after IVIG therapy.
Methods
The study group included acute phases for four KD patients and four febrile control children who were admitted to the Ewha Womans University Hospital. All patients met the criteria for the diagnostic guidelines of KD (http://www.kawasaki-disease.org/diagnostic/index.html). Clinical characteristics are fever lasting 5 days and complete blood count (CBC), erythrocyte sedimentation rate (ESR), platelet count, CRP, pro-brain natriuretic peptide (BNP) were significantly higher in the KD group compared to the control group. All KD patients had coronary artery lesions such as dilated coronary artery or coronary artery aneurysm by echocardiography. All patients were treated with IVIG (2 g/kg/day for 1 day) as a single infusion over 10∼12 hours. Fresh whole blood samples were obtained from KD patients pre-and post-IVIG treatment as well as febrile control group who had been febrile (body temperature ＞38 o C) for at least 3 days. Laboratory data were obtained from each child, including CBC, ESR, platelet count, CRP, pro-BNP. And echocardiography was performed by pediatric cardiologists to detect the presence of coronary artery lesions.
1. RNA extraction and cDNA synthesis Total RNA was extracted from the blood sample that stored for 24hr at room temperature and then in the fridge (−20 o C) using a PAXgene blood RNA extraction kit according to the manufacturer's instructions. Each total RNA sample (1 μg) was labeled and amplified using Universal Linkage System (ULS) aRNA labeling kit (Kreatech diagnostics, Amsterdam, Netherlands).
2. Preparation of fluorescent DNA probe and hybridization The Cy3-labeled aRNAs were resuspended in 10 μL of hybridization solution (GenoCheck, Ansan, Korea). After labeled aRNA were placed on Roche Nimblegen Human whole genome 12-plex array (Roche NimbleGen, Inc., Madison, USA). The slides were hybridized for 12 hr at 42 o C MAUI system (Biomicro systems, Inc., Salt Lake City, USA).
Microarray analysis
The Roche NimbleGen Human genome 12-plex arrays were analyzed using an Axon GenePix 4000B scanner with associated software (Molecular Devices Corp., Sunnyvale, USA). Gene expression levels were calculated with NimbeScan Version 2.4 (Roche NimbleGen, Inc., Madison, USA). Relative signal intensities for each gene were generated using the Robust Multi-Array Average algorithm. And then the data was analyzed using GeneSpring GX 7.3.1 (Agilent technologies, Santa Clara, USA). Genes were grouped as increased or decreased in the acute phase and also before and after an injection of IVIG. The color red indicated an over expression while green indicated a down expression.
Statistical analysis
An unpaired two-tailed t-test and a Mann-Whitney test were used, and a P value＜0.05 was considered statistically significant. SPSS 14.0 for windows (SPSS, Chicago, USA) was used for all statistical analyses. The two-tailed t-test was used to compare patients' samples obtained before and after IVIG therapy, and ANOVA was used to compare pre-and post-IVIG patients with KD and the control patients.
Results

1.
Comparison of microarray analysis between the KD group pre-IVIG treatment and the control group Expressions of 393 genes in the KD group pre-IVIG treatment were significantly different to those of the control group. The KD group pre-IVIG treatment showed a 1.5-fold increase in the expression of 203 genes (two-fold increase in the expression of 88 genes) and 1.5-fold decrease in the expressions of 190 genes (two-fold decrease in the expression of 96 genes) compared to the control group (Table 1) . Among up-regulated genes ( NAPB  ENSA  CLIC5  PCGF5  ZNF692  ZNF10  DENND4A  MYCBP  OXGR1  NPPC   BC007963  BC112159  NM_020661  NM_148919   NM_002206  NM_002527   NM_020661  BC014433   BC026310  BC069208  NM_016929  BC007377  CR595121  NM_015394  NM_005848  NM_012333  NM_080818  NM_024409 KD, Kawasaki disease; IVIG, intravenous immunoglobulin. 10, DENN/MADD domain containing 4A, c-myc binding protein, oxoglutarate receptor 1) are related to cell proliferation process (Table 3) .
Comparison of microarray analysis pre-and post-IVIG treatment in KD patients
In microarray analysis, 226 genes showed more than two fold up expression and 117 genes were down-regulated in post-IVIG treatment group compared with the pre-IVIG treatment group (Table 1) . The expressed genes that had a 1.5-fold increase are summarized in Table 4 . The genes that showed decreased expressions are summarized in Table 5 . Six gene expressions (cytoskeleton associated protein 2, matrix metallopeptidase 3, matrix metallopeptidase 16, CD44 molecules, formyl peptide receptor receptor1 and angiotensinogen peptidase inhibitor) increased preand post-IVIG treatment in the KD patients (Table 4 ).
Total gene heat map
The genes that showed differential expressions by more than 1.5-fold (P＜0.05) in at least one sample are shown in Fig. 1 . The red color indicates an over expression while green indicates a down expression (Fig.  1) . Through microarray analysis, the changes of gene expressions associated with proliferation, translation, inflammatory response, immune response, cell adhesion, cell migration, cell differentiation, apoptosis, cell growth, transport, cell cycle, transcription, signal transduction and metastasis were observed.
Discussion
Several studies have suggested that immune activation and the secretion of cytokines contribute to the pathogenesis of KD. Although the etiology of KD remains unknown despite extensive investigations, the incidence of KD patients continues to increase in many countries [1, 2, 10, 18] . There is no doubt that IVIG is a therapeutic utility in KD now. Infusion of high dose IVIG effectively reduces systemic inflammation and prevents coronary artery lesion in KD. Several mechanisms may explain the anti-inflammatory effects of IVIG in this disease [7, 8] . They include modification of the cytokine balance and alteration on both the differentiation and the function of monocyte/macrophages, neutrophils and lymphocytes [9, 19, 20] . However, the long term consequences of the cardiovascular sequelae in KD remain uncertain and therefore, KD is a leading cause of acquired heart disease in children [3, 4, 11] .
To investigate the mechanisms underlying the therapeutic effects of IVIG, we examined gene expression profiles of fresh whole blood obtained in an acute stage before and in a subacute stage after IVIG therapy. The advantage of DNA microarrays is that it can evaluate changes in relative expression of thousands of genes simultaneously [15, 21] . To gain further insight into the mechanism of KD related to immune processes and genetic factors, we investigated the difference of gene expression between KD patients and the control group. Also, we compared the difference of gene expression levels after IVIG therapy to identify potential candidate genes that might link the systemic immune response to the development of vasculitis and coronary artery disease by examining the gene expression patterns between acute and subacute stages in KD patients.
In the present study, many immunologic processes and genetic factors are attributed to the pathogenesis of KD. Immunologic abnormalities during the acute phase of KD reflect marked activation of the immune system leading to increased cytokine production. Chemokine ligand 5 (CCL5) and IL-5, which are related to the inflammatory response are over expressed compared to the control group in the acute state of KD. Also, over expressed CCL5, IL-32 protocadherin beta 16, angiopoietin like 3 are related to cell adhesion and migration. It has been reported that CCL5 is highly expressed in various tumors and stimulate tumor growth and metastasis by inducing tumor cell proliferation, angiogenesis, or the expression of MMPs [22, 23] . We cannot find out a definite correlation between CCL5 and MMP but increased MMP genes, CCL5 and IL are potential candidates to understand this pathway. After IVIG treatment, MMP related genes which belongs to MMP-2, MMP-28, MMP-25, MMP-15, are decreased. MMPs especially MMP-2, and 9, have been considered to play pathophysiologic roles in the development of coronary artery lesions [24, 25] . Many studies that find out MMP-28 are over expressed in several disease states. MMP-28, stimulated by TNF, is a potential novel therapeutic target for prevention and treatment of metastasis of gastric cancer. MMP-28 is frequently over expressed during the progression of gastric cancer and contributes to tumor cell invasion and metastasis of tumor cells [26, 27] . In this study, MMP-2 and 9 are insignificant compared to the control group. However, the expression of MMP-28 decreased after IVIG treatment. NO is secreted by immune and vascular endothelial cells, NO has several roles such as regulating vascular tone and the maintenance of the integrity of the vasculature [28] . In the KD group, NOS 1, IL-12A, IL-17A, which are related to NO related genes, are over expressed before IVIG treatment. These genes are not down regulated after IVIG infusion so further studies are needed. Caspase (apoptosis related cysteine peptidase, CASP) 1 and cytoskeleton associated protein 2 (CKAP2) are also over expressed in this study. Endothelial cell dysfunction and apoptosis are related to endothelial cell damage of the coronary artery. We can't detect direct change after IVIG infusion among over expressed genes. However, estrogen receptor 1, dimethylarginine dimethylaminohydrolase 2 (DDAH2) GTP cyclohydrolase I feedback regulator, endothelial NOS decreased in expression after IVIG compared to the control group. One study showed endothelial progenitor cell (EPC) participated in the process of arterial repair. The number of EPC increased significantly in the subacute phase of KD. Especially, the number of circulating EPC positively correlated with the level of NO and negatively correlated with the levels of TNF-α and CRP [29] . IVIG suppresses induced NOS expression of mononuclear leukocytes in patients with KD, thus decreasing NO-mediated inflammatory responses and coronary artery dilation [28, 30] . Severe vasculitis leading to coronary artery lesions are noted in the refractory KD group resistant to IVIG [31] . We expect down regulation of the up regulated genes among inflammatory related genes after IVIG infusion but we didn't find different expression levels in this study. It seems this result is skewed because of small group size or IVIG resistant patients. TNF-α blockade (infliximab) has been reported to benefit KD patients with initial IVIG treatment failure. Further analysis of these genes in IVIG resistant group after infliximab is also attributed to understand pathogenesis of KD [31, 32] .
In conclusion, the data indicated that there are several genes which have different expressions in the KD group than in the control group. We also confirmed that expression levels change in several genes after an IVIG infusion. These genes are related to inflammatory response, immune response, cell adhesion, cell migration, cell differentiation, apoptosis, cell growth, transport, cell cycle, transcription, signal transduction, and metastasis. We found out a different expression pattern before and after IVIG treatment but there is lack of consistency in all KD patients. High dose IVIG is definitely the gold standard treatment. There is no doubt that IVIG has a therapeutic utility in treating KD now. However, many studies estimate that 10-20% of patients do not respond to single dose IVIG, and the risk of aneurysms formation is higher in the unresponsive group than among patients who defervesce completely after a single dose of IVIG. The limitation of our study is as follows. The sample size is small in number. Further analysis with larger samples of other independent set and specific sample such as peripheral blood T cell, monocytes/macrophages would be needed to find confirmative results in KD treatment.
